Evidence of Tactile Dom Minance When Integrated with Proprioception–Application to Haptic Feedback Interfaces  by Gildersleeve, Matthew
 Procedia Engineering  41 ( 2012 )  1035 – 1043 








VWXGLHV DQG WR GHVFULEH D IUDPHZRUN IRU IXWXUH
6SHFLILFDOO\ WKH YDOXH RI LQWHJUDWLQJ DQGXQGHUV
ZLOOEHKLJKOLJKWHG WRGHYHORS IXWXUHGHVLJQ WUDL
VWXG\VKRZWKDWWKHVDJLWWDOGLVWDQFHHVWLPDWHEHWZ





FXHV DERXW WDFWLOH SRVLWLRQ WRXFKHG ERG\ VHJPH
SRVLWLRQDOLQIRUPDWLRQ







$ ODUJH QXPEHU RI VWXGLHV DUH SXEOLVKHG LQ
ODSDURVFRSLF VXUJHU\ 7KLV SDSHU DLPV WR HP
DFFRXQW IRU WKH UHVXOWV LQ WKHVH VWXGLHV DQ
SHUIRUPDQFH LQ KDSWLF IHHGEDFN URERWLF VXUJ
ZHLJKWLQJPHFKDQLVPVXQGHUO\LQJODSDURVFRS
KDSWLFIHHGEDFNURERWLFVXUJHU\GHYLFHV7KH


















UHVHDUFK WR DFKLHYH RSWLPDO VXUJLFDO SHUIRUPDQFH LQ KDSWL
WDQGLQJ WKH VHQVRULPRWRUZHLJKWLQJPHFKDQLVPV XQGHUO\LQ
QLQJDQGXVHRIKDSWLF IHHGEDFN URERWLF VXUJHU\GHYLFHV7
HHQWRXFKHGSRVLWLRQVRQWKHXSSHUOLPEFDQEHV\VWHPDWLF





QW DQG WKH GLVWDQFH IURP DQDWRPLFDO ODQGPDUNV RXWZHLJ
HU /WG 6HOHFWLRQ DQGRU SHHUUHYLHZ XQGHU UHVSRQ
)DFXOW\RI0HFKDQLFDO(QJLQHHULQJ8QLYHUVLWL7HNQ
RQ+DSWLF)HHGEDFN
 PHGLFDO 	 HQJLQHHULQJ MRXUQDOV HYHU\ \HDU LQYHVWLJ
SKDVL]H WKH LPSRUWDQFH RI D PXOWLGLVFLSOLQDU\ DSSUR
G WR GHVFULEH D IUDPHZRUN IRU IXWXUH UHVHDUFK WR
HU\ 6SHFLILFDOO\ WKH YDOXHRI LQWHJUDWLQJ DQG XQGHUV
LFSHUIRUPDQFHZLOOEHKLJKOLJKWHGWRGHYHORSIXWXUHG
FXUUHQWODFNRIWKHRUHWLFDOVHQVRULPRWRUNQRZOHGJHLQ
RZOHGJHRIPXOWLPRGDO LQWHUDFWLRQ LV UXGLPHQWDU\1R
HUVWDQGLQJRIKRZPXOWLPRGDOGLVSOD\VLQYLUWXDOHQYLU





F IHHGEDFN URERWLF VXUJHU\
J ODSDURVFRSLF SHUIRUPDQFH
KH UHVXOWVSUHVHQWHG LQ WKLV
DOO\ELDVHGE\PDQLSXODWLQJ





K MRLQW DQJOHPXVFOH OHQJWK
VLELOLW\ RI WKH &HQWUH RI
RORJL0$5$
DWLQJ KDSWLF IHHGEDFN LQ







RFHSWLYH 	 DXGLWRU\ WR
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1036   Matthew Gildersleeve /  Procedia Engineering  41 ( 2012 )  1035 – 1043 

XQGHUVWDQGWKHVXUJLFDOWDVNQHFHVVDU\WRDFKLHYHWKHLUSDUWLFXODUDLPVDQGREMHFWLYHV7KHVXFFHVVRIPHHWLQJWKHVHREMHFWLYHV
DUHGHSHQGHQWRQ WKH OHYHORISHUIRUPDQFHDFKLHYHG WKURXJKPRWRUSODQQLQJDQGH[HFXWLRQ IROORZLQJDQ LQWHJUDWLRQRI WKH
VHQVHVZLWKLQWKHEUDLQFLUFXLWU\$OWKRXJKYLVXDOLQSXWSOD\VDPDMRUUROHLQWDVNSHUIRUPDQFHLQODSDURVFRSLFVXUJHU\HJ
>@ WKLV SDSHU LV IRFXVHGRQ WKH LQWHJUDWLRQRI WZR VHQVHVZKLFK KDYH UHFHLYHG OHVV DFDGHPLF DWWHQWLRQ+DSWLF IHHGEDFN




















0XOWLPRGDO LQWHUDFWLRQ LV WKH LQWHJUDWLRQ RI VHQVRU\ LQSXW WR SURYLGH WKH KXPDQZLWK D UREXVW SHUFHSW >@ 6HQVRULPRWRU
SHUIRUPDQFHFDQGHFOLQHZKHQWKHH[SHFWDWLRQVKHOGE\WKHVFKHPDDERXWFXUUHQWVHQVRU\LQSXWLVGLIIHUHQWIURPSUHYLRXV
H[SHULHQFH7KLVPD\DULVHZKHQXVLQJKDSWLF IHHGEDFNSURYLGHGE\ URERWVEHFDXVH WKH\ ODFN WKH ILGHOLW\DQGYDOLGLW\RI
RSHQVXUJHU\>@$VDUHVXOWWKHIHHGEDFNGHOLYHUHGIURPWKHSDWLHQWWRWKHURERWDQGWKHQWRWKHVXUJHRQV¶UHFHSWRUVFDQ
EHPLVVLQJRUPLVOHDGLQJ 7KLV FDQRFFXUZKHQ WKHUH DUHPRUH VHQVRUV WKDQ DFWXDWRUV RUZKHQ DFWXDWRUV WR WZR VHQVRU\
V\VWHPV SURYLGH GLIIHUHQW LQIRUPDWLRQ DERXW WKH VDPH HYHQW REMHFW FRPSOLDQFHKDUGQHVV PD\ GLIIHU EHWZHHQ FXWDQHRXV
UHFHSWRUVFRPSDUHGWR*ROJLWHQGRQRUJDQV$OWKRXJKWKLVPD\FDXVHPRWRUSHUIRUPDQFHWRGHFOLQHLQLWLDOO\WKHQRUPDOO\
IXQFWLRQLQJEUDLQFDQDGDSWDQGDGMXVWWRVXFKGLVWRUWLRQVHJ7KHOHDUQLQJFXUYHVLQ>@:KHQWZRPRGDOLWLHVUHFHLYH
LQFRQJUXHQW VLJQDOV IURP WKHLU UHVSHFWLYH UHFHSWRUV UHJDUGLQJD VLQJOHDVSHFWRI WKHHQYLURQPHQWRQH VHQVRU\ V\VWHPZLOO
GRPLQDWHWKHSHUFHSWPRUHWKDQWKHRWKHUPRGDOLW\>@)RUH[DPSOH>@LQYHVWLJDWHGWKHLQWHJUDWLRQRIYLVXDODQGKDSWLF
LQIRUPDWLRQ7KH WDVN IRUSDUWLFLSDQWVZDV WR VWDWH WKHSHUFHLYHGVL]HRIDQREMHFWFRQFXUUHQWO\ WKURXJKYLVLRQDQG WRXFK
3DUWLFLSDQWVYLHZHGDQREMHFWWKURXJKDOHQVWKDWGLVWRUWHGWKHVKDSHRIWKHREMHFWZKLFKFUHDWHGDQLQFRQVLVWHQF\EHWZHHQ
YLVLRQ DQG WRXFK 7KH SDUWLFLSDQWV JUDVSHG WKH VTXDUH REMHFW DQG VXEVHTXHQWO\ SHUFHLYHG WKH REMHFW DV ZKDW WKH\ VDZ
UHFWDQJXODUREMHFWQRWZKDWWKH\IHOW7KLVHIIHFWRIYLVXDOGRPLQDQFHZDVFRQVHTXHQWO\QDPHG³YLVXDOFDSWXUH´

7KH EUDLQ ZHLJKV DQG PHUJHV WKH UHOLDELOLW\ RI PXOWLVHQVRU\ LQSXW WR SODQ VXEVHTXHQW PRYHPHQW >@ 7KHUH LV VWURQJ
HYLGHQFHWKDWWKHEUDLQHVWDEOLVKHVWKHZHLJKWVRILQFRPLQJVHQVRU\LQSXWWKURXJKPLQLPXPYDULDQFHLQWHJUDWLRQ>@7KLV
PHDQVWKHVHQVRU\LQSXWZLWKJUHDWHUYDULDQFHLVXVHGOHVVIRUVHQVRULPRWRUWDVNV>@7KHEUDLQRUVFKHPDDOVRUHZHLJKV
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6WXGLHVE\ >@GHPRQVWUDWHG WKDW UHSUHVHQWDWLRQVRI WKH VNLQ VXUIDFH KDYH D VRPDWRWRSLFRUJDQL]DWLRQ WKH KDQG VHQVRU\
LQSXWLVQH[WWRWKHDUPLQSXW,QWKLVVWXG\LWLVQRWVXIILFLHQWWRNQRZRQO\ZKLFKSDUWRIWKHVNLQZDVWRXFKHG6LQFHWKH
OLPEVZHUHSDVVLYHO\PRYHGVRWKHWRXFKHGVNLQYDULHGWKHSDUWLFLSDQWPXVWLQWHJUDWHWKHSRVLWLRQRIHDFKOLPEUHODWLYHWR
HDFK RWKHU ZLWK WKH VNLQ SDWFKZKLFK LV WRXFKHG WR GHWHUPLQH WKH VDJLWWDO VHSDUDWLRQ 7KH QH[W SDUDJUDSKV GHVFULEH WKH
SRVVLEOHPHFKDQLVPVDQGFXHVWKDWFDXVHGWKHSDUWLFLSDQWVLQWKLVVWXG\WRVHOHFWDSDUWLFXODUWDFWLOHVHSDUDWLRQ7KHVHFXHV
DULVHIURPSURSULRFHSWLYHDQGWDFWLOHUHFHSWRUV7KHUHVXOWVLQWKLVVWXG\GHPRQVWUDWHWKHVHVHQVHVZHUHQRWZHLJKWHGHTXDOO\















WR WKHZULVW MRLQW 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7RUHSRUW WKHVDJLWWDOGLVWDQFHSDUWLFLSDQWVPD\KDYH LQGHSHQGHQWO\HVWLPDWHG WKHGLVWDQFHRI WKH WRXFKHGSRVLWLRQRQ WKH
ULJKWOLPEIURPWKHULJKWZULVW	WKHQHVWLPDWHWKHGLVWDQFHRIWKHWRXFKHGSRVLWLRQRQWKHOHIWOLPEIURPWKHOHIWZULVW7KHVH
YDOXHVDUHWKHQFRPSXWHGWKURXJKDIRUPXODWKDWGHSHQGV LI WKHWRXFKHGSRVLWLRQVDUHSUR[LPDORUGLVWDO WRWKHZULVW MRLQW









FRQWULEXWH  WRWKHUHSUHVHQWDWLRQRIVL]HRIDERG\VHJPHQWVZKLFKPD\JXLGHVSDWLDOSHUFHSWLRQ LQWKHDEVHQFHRIYLVLRQ
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7KH UHVXOWV SUHVHQWHG LQ WKLV VWXG\ VXSSRUW WKH QRWLRQ RI FDWHJRUL]DWLRQ RI ERG\ SDUWV IRU WDFWLOH ORFDOL]DWLRQ 7KHPHDQ
SDUWLFLSDQW IRUHDUP OHQJWK 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7KHUHIRUHLQWKHFPEHKLQGFRQGLWLRQWKHSUREHKLWWKHKDQGLQWKHQHXWUDOFRQGLWLRQWKHSUREHKLWWKHKDQGEXWLQWKHFP
IRUZDUGFRQGLWLRQKLWWKHIRUHDUP$VDUHVXOWWKHUHSRUWHGVHSDUDWLRQZDVJUHDWHVWZKHQWKHSUREHWRXFKHGWKHOHIWIRUHDUP




DQG LV WKHUHIRUH SHUFHLYHG DV IXUWKHU DZD\ IURP WKH FRQWUDODWHUDO ULJKW ILQJHUWLS SRVLWLRQ HJ WKH QHXWUDO FRQGLWLRQZDV
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>@
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U IRU WRXFKHG SRVLWLRQV RQ D VLQJOH OLPE ZLWK D
FDQWO\VPDOOHUWKDQWKHHUURUSURGXFHGE\WKHSDUWLFLS
JJHVW WKDW WDFWLOH GLVWDQFH DFXLW\ LV VLJQLILFDQWO\ UH
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7KHUHIRUH WR JDLQ RSWLPDO SHUFHSWXDO LQIRUPDWLRQ IURP DOO VHQVRU\ PRGDOLWLHV RI DQ REMHFWV FKDUDFWHULVWLFV UHTXLUHV
DFWLYDWLRQ IURP DFWLYH KDQG PRYHPHQWV >@ >@ IRXQG EOLQGIROGHG KXPDQV DFFXUDWH KDSWLF REMHFW LGHQWLILFDWLRQ
PRYHPHQWVWREHKLJKO\RUJDQL]HG7KH\FRXOGEHVRUWHGLQWRDQXPEHURIFODVVHVRIPRYHPHQWSDWWHUQVZKLFKZHUHFDOOHG
H[SORUDWRU\ SURFHGXUHV  7R LGHQWLI\ WH[WXUH KXPDQV H[HFXWH D ODWHUDO PRWLRQ PRYHPHQW LQYROYLQJ UHSHWLWLYH WDQJHQWLDO
PRWLRQVRQWKHREMHFW>@$SSO\LQJSUHVVXUHWRDQREMHFWH[WUDFWVLQIRUPDWLRQDERXWWKHFRPSOLDQFHRUKDUGQHVVRIREMHFWV
>@8QVXSSRUWHGKROGLQJ LVXVHGIRUHVWLPDWLQJZHLJKW OLIWLQJREMHFW >@7RJDLQ LQIRUPDWLRQRIYROXPHUHTXLUHV WKH
ILQJHUVVKDSHWRWKHIRUPRIWKHREMHFW>@(GJHIROORZLQJZDVXVHGWRUHWULHYHH[DFWVKDSH>@,GHQWLILFDWLRQRIREMHFW
FKDUDFWHULVWLFVLVOLNHO\WREHOLQNHGWRUHVXOWVZKLFKLQGLFDWHWKHFHQWUDOQHUYRXVV\VWHPPRQLWRUVQHXUDOVLJQDOVIRUPXVFOH
FRQWUDFWLRQV)RU H[DPSOH SULRU UHVHDUFK VXJJHVWV WKDW WKHSHUFHSWLRQRI IRUFH LV GHULYHG IURP WKH VWUHQJWKRI WKHQHXUDO
LPSXOVHVLJQDOVIURPWKHPRWRUFRUWH[>@

7KHUHIRUH WKHDFFXUDF\RIREMHFWSHUFHSWLRQ LVGHSHQGHQWRQ IHHGEDFN IURPPRWRUFRPPDQGVPHFKDQRUHFHSWRUVPXVFOH
VSLQGOHV *ROJL WHQGRQ RUJDQV MRLQW FDSVXOHV DQG VNLQ UHFHSWRUV GXULQJ H[SORUDWRU\ PRYHPHQWV  $V D UHVXOW D VLPLODU
FRQFOXVLRQFDQEHPDGHDERXWWKHIDFWRUVZKLFKGHWHUPLQHDFFXUDWHVXUJLFDOSHUIRUPDQFH,QSDUWLFXODUWKLVVWXGLHV¶WKHVLV
LV WKDW WKH UHODWLYHZHLJKWLQJV E\ WKH VFKHPD IURP WKH YDULRXV VHQVRU\ FKDQQHOVZLOO GHWHUPLQH WKHLU XVH IRU VXEVHTXHQW








GLVWLQFWLRQ RSHQV WKH SRVVLEO\ WKDW WKH FKDQQHOV SURYLGH FRQIOLFWLQJ IHHGEDFN DERXW WKH VXUJLFDO WLVVXH WKH VXUJHRQ LV




5RERWLF WDFWLOH IHHGEDFN FDQ DULVH IURP D QXPEHU RI GLIIHUHQW GHVLJQV LQFOXGLQJ PHFKDQLFDO SLQV DFWLYDWHG E\ VROHQRLG
SLH]RHOHFWULFFU\VWDOVKDSHPHPRU\DOOR\WHFKQRORJLHVYLEUDWLRQVIURPYRLFHFRLOVSUHVVXUHIURPSQHXPDWLFV\VWHPVDQG
KHDWSXPSV\VWHPV>@ $OWHUQDWLYHO\SURSURFHSWLYHIHHGEDFNDERXWWKHREMHFWSURSULHWLHVDUHHVWLPDWHGIURPWKHIRUFHV
DSSOLHG WR WKHSDWLHQWE\ WKH VXUJLFDO LQVWUXPHQW VODYHZKLFK WKHQSURYLGHV IRUFHV WR WKHKDQGYLD WKHPDVWHUFRQWUROOHU
>@6LQFHWKHVHFKDQQHOVDUHVHSDUDWHDQGPD\FRQIOLFWIXWXUHUHVHDUFKVKRXOGLQYHVWLJDWHWKHVLWXDWLRQVZKLFKGRDQGGR
QRW DOORZ WKH LQGLYLGXDO XVLQJ KDSWLF IHHGEDFN WRPDNH FRUUHFW VHQVRULPRWRUGHFLVLRQV ,W LV SRVVLEOH DV VKRZQ LQPDQ\
VHQVRU\ GRPLQDQFH VWXGLHV HJ >@ WKDW RQH VHQVH PD\ SURYLGH GLVFRUGDQW LQIRUPDWLRQ DERXW DQ REMHFW FRPSDUHG WR







ZKRPHDVXUHG WKH KXPDQ SHUFHSWLRQ RI EXPSV DQG KROHV E\ GHFRXSOLQJ IRUFH IURP SRVLWLRQ JHRPHWU\ IHHGEDFN 7KLV












KDV WKUHH  7KHVH PRYHPHQWV LQYROYH IOH[LRQ H[WHQVLRQ DEGXFWLRQDGGXFWLRQ DQG FLUFXPGXFWLRQ  7KHVH PRYHPHQWV





KXPDQ KDQG HPERGLHV D NH\ FKDOOHQJH GXH WR WKH GHJUHHV RI IUHHGRP SUREOHP )XWXUH UHVHDUFK VKRXOG HYDOXDWH WKH
LPSRUWDQFHRI UHFHLYLQJ WDFWLOH RU SURSULRFHSWLYH IHHGEDFN IURPPXOWLSOH GHJUHHVRI IUHHGRP LQ WKH KDQGGXULQJ VXUJLFDO
SHUIRUPDQFH )RU H[DPSOH DV DOUHDG\ QRWHG RQH VHQVRU\ V\VWHP PD\ PLVWDNHQO\ EH ZHLJKWHG KLJKHU WKDQ DQRWKHU
$OWHUQDWLYHO\ WKHUH PD\ EH XQGHVLUDEOH UHGXQGDQF\ ZLWKLQ WKH V\VWHP SURYLGHG E\ WKH VHQVHV WKDW FRXOG EH HOLPLQDWHG
EHQHILWLQJFRVWDQGSUDFWLFDOFRQVWUDLQWV>@3ULRULWLHVLQGHVLJQRIKDSWLFGHYLFHVFDQWKHQSURFHHGZLWKWKLVVXSSRUWLQJ
HYLGHQFH  7KLV HQGHDYRU UHTXLUHV NQRZOHGJH RI WKH KDQGPRYHPHQWV WKDW GR DQG GR QRW UHTXLUH DGHTXDWH IHHGEDFN WR
PDLQWDLQRSWLPDOSHUIRUPDQFH$VPDOOQXPEHURIVWXGLHVKDYHEHJXQWKLVW\SHRILQYHVWLJDWLRQ5HIHUHQFH>@IRXQGWKDW
UHPRYLQJD[LDOIRUFHIHHGEDFNIURPDWKUHHGHJUHHVRIIUHHGRPKDSWLFGHYLFHGLGQRWVLJQLILFDQWO\DIIHFWWKHOHYHORIIRUFH





,I WUDGHRIIV LQ KDSWLF IHHGEDFN GHVLJQ DUH WR FRQWLQXH >@ YDOLGLW\ILGHOLW\ SULRULWLHV IRU IHHGEDFN UHODWHG WR HDFK KDSWLF
VHQVHVKRXOGEHEDVHGRQHPSLULFDOHYLGHQFHIRULWVUHODWLYHLPSRUWDQFHLQWKHVXUJLFDOWDVN)RUH[DPSOHWKHUHVXOWVRIWKH











PLVOHDGLQJ 7KH VNLOOV QHHGHG IRU ODSDURVFRSLF VXUJHU\ DUH GLVWLQFWLYH DQG GLVVLPLODU IURP RSHQ VXUJHU\ DQG WKHUHIRUH
UHTXLUHIHHGEDFNDGDSWDWLRQDQGOHDUQLQJWRDOWHUHGVHQVRU\LQSXWWRSURGXFHPRYHPHQWWKDWLVDOLJQHGZLWKWKHGHVLUHGWDVN
JRDO:KHQWKHSDUWLFLSDQWLVSURYLGHGZLWKYLVXDOIHHGEDFNRISHUIRUPDQFHHUURUVUHODWHGWRLQDFFXUDWHVHQVRU\ZHLJKWLQJ










,Q FRQFOXVLRQ LW PD\ EH SRVVLEOH WR HUDGLFDWH LQLWLDO SHUIRUPDQFH HUURUV ZLWK WKH XQGHUVWDQGLQJ RI WKH VHQVRULPRWRU
PHFKDQLVPV XQGHUO\LQJ KDSWLF IHHGEDFN ZKLFK UHODWHV WR LPSURYLQJ WKH ILGHOLW\ RI KDSWLF IHHGEDFN SURYLGLQJ DFFXUDWH
IHHGEDFNLQPXOWLSOHGHJUHHVRIIUHHGRP6HFRQGO\LIYDOLGDWLRQFDQQRWEHDFKLHYHGIXWXUHUHVHDUFKVKRXOGLQYHVWLJDWHWKH
UHODWLYH ZHLJKWLQJV DVVLJQHG WR HDFK VHQVH ZKHQ XVLQJ KDSWLF IHHGEDFN GHYLFHV ZKLFK PD\ SURYLGH DQ DOWHUQDWLYH WR
LPSURYLQJ SHUIRUPDQFH WKURXJK LQWHUIDFH GHVLJQ HJ VLPLODU WR LQWHUYHQWLRQV WR DYRLG GLIILFXOWLHV LQ H\H ± KDQG
FRRUGLQDWLRQ HUURUV >@3UHYLRXV UHVHDUFK VXJJHVWV YLVLRQZLOO GRPLQDWH DOO VHQVHV LQ VSDWLDO WDVNVEXW WKH LQWHJUDWLRQRI
WRXFKDQGSURSULRFHSWLRQLVVWLOOWREHUHVROYHG7KHUHVXOWVSUHVHQWHGLQWKLVSDSHUDQGWKDWRI>@PD\EHDVWDUWLQJSRLQW
IRUWKLVOLQHRIUHVHDUFK 7KLVVWXG\SURYLGHVHYLGHQFHRIELDVHVLQVHQVRU\ZHLJKWLQJZKHQWRXFKDQGSURSULRFHSWLRQDUH
LQWHJUDWHG5HIHUHQFH>@DOVRGHPRQVWUDWHGDVLPLODUHIIHFWZKHUHFRQIOLFWLQJ WDFWLOH LQSXWGLVWRUWHG OLPESRVLWLRQVHQVH


























>@ %ORFN+- DQG$-%DVWLDQ6HQVRU\ 5HZHLJKWLQJ LQ 7DUJHWHG 5HDFKLQJ (IIHFWV RI &RQVFLRXV (IIRUW (UURU+LVWRU\ DQG 7DUJHW 6DOLHQFH
-RXUQDORI1HXURSK\VLRORJ\S







































+DSWLF ,QWHUIDFHV IRU 9LUWXDO (QYLURQPHQW DQG 7HOHRSHUDWRU 6\VWHPV +$37,&6 
 3URFHHGLQJV WK ,QWHUQDWLRQDO 6\PSRVLXP RQ

>@ %DUEDJOL)DQG.6DOLVEXU\7KHHIIHFWRIVHQVRUDFWXDWRUDV\PPHWULHVLQKDSWLFLQWHUIDFHVLQ+DSWLF,QWHUIDFHVIRU9LUWXDO(QYLURQPHQWDQG
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